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(57) Abstract 

A method for introducing mutations into a gene characterized in that a larger number of point mutations are introduced into one strand 
of a double-stranded genomic DNA of a cell or an organism individual than into the other strand. Use of this method makes it possible to 
efficiently and effectively construct various useful mutants of microorganisms, cells or organism individuals. By analyzing the mutation 
conditions of the gene, moreover, it becomes possible to clarify the mechanism of drug tolerance, to estimate the occurrence of a novel 
insensible bacterium or to develop a drug therefor, to analyze the mutation of an oncogene and the mechanisms of cancer metastasis and 
increase in malignancy, and to develop methods for using these mechanisms. 
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$tL*zt*«*y. < AT? *fc* MM£i!g*-fci§£ 

-s *: i c * n « a 5a m t m m <* © at « * tt s& s x s i z m m l t n => m * * n » -e . 
10 ?em^#A-r ttttoDiie^cc^asxn^aiA-rsM^fc* 

15 -e£&<£:<£o 

*fc. aifi, «nfc^M{**aeMi=a*r*Bwci**t^ dna 

tt36»<D5X'<7'«>ttjEfi»l!i. A/T-G/C h7>^A-v3>> DNA©5^7^ff 
jgsil-^^.g) = a. — t 1 — -JJ — ite^T? fe-S mutD, mutS. mutT ^-IslB^lc^-D^^B 

(Molecular Biotechnology 7:189-195, 1997) „ CCD^iffclcJ; 5 £ 24 ttft* 15 1 H 

omm-Qy^x* Kiroie^i: i,ooo**»^fc y i m(D&f&&mimxT*£Zo 

5£i£ WB*C=^#lc*Hlfl:ae^ <S t**fe©iteT-l=*»S£**#A-*- 

25 -5 felfctt iUDfctt, S6««R A Lfct^ DNA 100 

KlTT?**»*^W*HH=**««**AttfctMl*l4. Jtatttftatfit* L*» 

wufcufci* satin? pcr 2sft<«UB**tTiv*. as*****<*^fc«>(=* 
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10 

ca> mail*, mu<DWk&ZM ! &Tz>nwt lt. «ia**:i*±*af*©=««y 

co>siw(D3g«siEs#A^^i=fcitsmi <o$f*Lt>jii«i*, -mmfy a dna 
*<ti*-r£ 4 «©tt»ic»LT^>* Alcana* fE«*i*A-r 

S5 3©»*Ll*SSHM*s ±IB^^(=fc^T» Sa.— t— Jte^F*** dnaQ. dnaE. 
25 mutL. mutS. muthk uvrD. dam j&v & 4 £Sf£ 9 Sft $ *i* 1 tt* fcl* 2 ai2l±© 
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10 s*M«fc*y**3:fcfc*Ji*e^*«tt*'*« 

fg1 Btt. £^SAffJCD dnaQ49 JfcJS J: l£ff£.tfc<D7' >tf *> 'J 

15 m2HI*. 11 ©iftSMAftO) dnaQ49 If^gJfcJ: V MNNG If£S»£D7 

»3Htt. tg2[Hl<DMSA&a> dnaQ49 S^Sfc* V MNNG If ±m.O>7 
>t?«>'J >!SSt±^*t"T> t°-> U >jKS-£5ttttt-l?fc<6. 
I&40I*, M3l5]l(D^m^Am£D dnaQ49 t*. £f fc «fc MNNG If ±M(07 
20 > tf -> 'J >SSt±£^-r7>tfi>U >SS-Mi8lT'fc«, 

S6ISI* % M4[slgCD^m^A^ro dnaQ49 ffr£I2fccfc tX MNNG ff±^<07 

S6ilt, ^5IslS(D^m^A^OT dnaQ49 Wr ±Mte& IS MNNG ff£g><7>7 
>fcfv'J >!ggt±£*-f 7>t' v-'J 
25 95 7 HI*, Sfl<D dnaQ49 *(C 5 S B «)ttfl» A«©7 > fv'J 

fg8lll* > If£MdnaQ + &fc<fctf dnaQ49ftcb^;tx€*l<D ampC Se^iJfeCD DNA 
Bt «D 7 # P — X ^ H) it fc 6 o 
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iz&w&*z-%>£.i*toftttt&'®i j $>mm : ? i>±)vtj:h'iz£. y ««a<g£Lfc y , dna 

«-Ptt«x^ — tf*U c:<DlKrSE»afll*<J»l3fl> DNA ffiStOffilCfe 
l^ffefei* DNA i:^ItLtiS$^i5o S«S^^^micfc(t§HtI^ 

»««*&<DM<D5a£ii««x 4 7---<?fcy. tta«. fls*ttfciB«i::«fc6*fett 

DNA ODtifllOTW^I*^*^ (CRC, 1(3):140-148, 1992) . &§Sx^ — 1± DNA ^fi£ 
10 0>B(=4ttO!)*»<D5aEj*1±l=*"^<K-3fc«K*>*©»«l=J:-3TiB^y. *0>8 
g I* 1 0-4^b1 O -5 1? fe & (Molecular Biology of the Cell. Garland Publish Inc. New 
York & London 224-225. 1983) „ — 1S % SfflBStClSfl^ a)$jKt9ltf1IIffiA(fe L J . 
DNA ^*»*<Dt#oajE«tfi-V>5X-?-y^»a3R«Ci:l=«koT**i^*i 10- 3 S*r 

15 Itt&i&fey 10- ,o frt> 10"' '*T?fiT-r* (CRC. 1(3):140-148. 1992) . CCDte 
let, tt*<D-ttA. ^C7>^Jgl*l^^ 

*H«UlKMlcJ:6tta», it¥&lUmW£&&>ri&&te DNA <=ia£RWI£i* 

«SSt«6<HSa»*S*t*A<^95«SWl?l* G/C-A/T ^fi]<D a 

£ < ISC-Sxh £*LTl^o *fc. X^T'I* DNA m<D — *M<D-?5(D?1-tfV)8TZ*iZ> 

25 «|£|l*«3l*lBZ$*t4*<*jte*M»A<jftaj»*JI«l:y* 10«ficy-¥»n^ (» 
TSfcittiS^t^ ifiB*^¥¥. mm*^ailifi£, 138-139 . 1972 *) „ 

5— ite?-i=ii»^<cti tit fey . ^<D«ffiai=5o{=»a^«wt4<-c 
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(CRC, 1(3):140-148, 1992) , % II*. DNA «3!fx 7-<E$lJfiP&lC{£fc>6 DNA 

T?*y, c<D5rL-^— *— jH5*-f*£*Rft*£ i H&* % S> 10 75 fSig 12 
I*. £X^T*BPffiirlsyBSt<ttiEafifel=B8^"9"« DNA ^)SHi©£^^a^v f- 
5 rotlt'fel). CCDSa. — =r— £ — m.B=Ft LTI* dnaQ (mutD) ^b^ltfcU, 

£ X^7$IS£Mt S 5 -j f t ©U. mutU mutS. mutH. uvrD. 

dam. mutY. mutM. ung ^Jfl<biitfcy. ^ix^ft. 10 {gfr «b z FfS3S8S^^£igtt] 
$i±^o IS4(4. DNAH&t&S*? K^— ;U<D^^btiHglCia-ri)=ta)t?. A/T 

10 — G/C h7 v 3 it iJD£-y-£ mutT t>;ft"C l*-5> 0 ClDSa- "r — 

^— Se^^^^fflBSliliJilC^^T DNA ffCD GC ^M£itJjD $-y-Tt>#. ^fS^ 
6 — :5fg0>iE^£S!!S§-r<i>o ftt©^^-^i:l* mutA. mute Jb^JSL. c4xe>l*± 
Tfl)5^^h7>^-y3>? 10 {SSflEJtttl ^CD^^IC^U-C(±a 

z<Dmmo>&wm*it* —mm dna otm^cd dna ai(=is*icge*&£«j&<Aofc 
c^ut-*) i-^o dna mizm%s$L^t><*i$mizwm2*itz®£ (f^/^ 

*s Afcfcy-iai<D»a-e — ^Hrro^aJS**^**!* (/^'Jf -r) 10 

25 Stt&CDSI&MtDttflTli 12 [H]<D->j. 5 U— -> a ^ (D±X X'mf^U^O^^E — K2>< 
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(d 100 fSiai©M-c£*R«iitfA**# (f^/<uf<) 10 nvt&<nm 

^E^Sftro^— KIS 10 ^Tr fc-S*)*-?-^?*? 1*0 24 fl £ ft & d t £ M Hi L X 

5 Theoretical Biology 157, 127-133, 1992) » 

^fflt^tcti^ici*. "ii dna (Dmy50>miz^>^j^izmmm:mmt<mm^H^t 

T? s LTM£4x53^^&ro53 v ^[*#W«l~S«$*i,6o mutT I* A/T- 

g/c atts&jift&fefKttftfeciBatii-r set', ^as^mi* gc £&*tm»iM-efc£o 

CHIC** L> mutY. mutM. ung (* mutT i: li i£<D^S«t??14T?35 «J . fsiWz AT i£ 
S*tit*nM-Cfe-5 0 dnaE. dnaQ liZli DNA (D^^^^MT-rolS^X^ — (DM'®. 
15 6EiE^JC^-^LTtN-5fci6lc DNAMte^it-efc-So mutU mutS. mutH ^ uvrD. 
dam l*S -^ifSI-Fsl^LT l^Stf. DNA «l=** LTtfmtfclift <^<DT'. 

Ui^mti^C0«^^SBi«l-r-g>i:#^.t>tL€> o IsJtil- mutA fc<fcl>*mutC tt&mV DNA 

% RS 0 % ft* £A<D &5E6*j2jJH£f#o *,<D> SeT««g(=IS* 

20 £4?L&ltfiift£-£ft.&k xc t> affJft&OK tSBglc15TP>ANCD^M^J!rat>-l>=t(Dlc»{t 
t>;h& 0 -|ISlCife5EM3a^^^$<Cl.^^ie^A < ^?¥$H^RlHg1±7!) < 35^o 
5^S5^m(D^ >^A14lCOtNTI*S zl — t 1 -^— iH5T£>8£iig£%?L-i> i« mutT. 
mutY. mutM. ung !£!»#£<&ig£5* fitffe & a 3ESJ&<D*l=*i 

& a a x ic m m. t< ± c h w is *>< s> $ „ 
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■5TfgI--r -SCO!* dnaE ^ dnaQ &fc* DNA £ciEtl^t=<&& £ a— t— $ — fiG^T?^ 

-5) o 

5 *6>l=. ^ODffiJKDSBWbl** IKC'StttRtt^S a-f-^-ie^^fe 
£ dnaQ49 * »0 *H® dti A L fc ?7 7. S KI=fct*T» ft [3 CD|glS&. 

CMol. Gen. Genet.. 251:657-664. 1996) . -?-LT$£lC, ZOfflHOfEH* 
3gtfc« 4 (CsrLfc dnaQ49 Ifctof J A DNA icfcUTt, U — "r -f > 

10 y t^^^f fti=$< ©Mtfiuftwt £&ai lti**. zim dna ic^f 
t§tt*<« * h t mm £ ft 5 o 

15 z&tf&K-e&iJ. ■€-0)fc»lc(*4«fl>JII»l=^>5 r Alca«iRK»*#XL'3O. 
zl« DNAI=^iS«f=jil£««»*#*S'ii'S^fc* < M"Sfc*« 

- fc LL> 0 CCD £ o S i — t— ^— ite^^ffit^fcti^-lClK 

25 n-m<DmV?lz& oT, ^fcfcRro^AfcgRftflJBSfcffiaKSftJe^S-fc**^ 

Bt\ -^CD DNA fR36<tt^{cSt LTftfS*^ 100 fcia±a>£*R£R£S»-r£&tt 
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£ i — x — $ -iie^*l$o«Blia-¥»^1*Ifii*l*^*Dfl>^^ (Journal of 
Bacteriology. 153, 1361-1367, 1983) Ccfc oTH5 C iifc^-X^ 
M |C £ 3. - t- - * — £ m AT S d t Wfig T? fe <i> o 

10 

HSfiflJl 

iUJg!S§t±CD S a-f-^-ii? (dnaQ) £f#0 KH1366 (dnaQ49) fcfccfctf 
KH1370 (dnaQ+) I* (fca*»l**««*!*K*!*<BJl**5&*lSJ: V A^) 

15 £JS* dnaQ49t*l±. DNA ?K 'J > =5 — tf MO e "* 3^- v h*<«» L X 33 HI » DNA 
/K'jy^— x-f >y««6l=^W*<fcS. C<D*:£> DNA 1SI7 

-$*3ciE-e#-r\ ^TOTi&ss&icj: ^^m*<f§^-r z<D*»i*aMSttT? 
fe€>t-y)(cis^;ag*< 24°c^e 37 o c{c^>^ h-r-s - <t icj: y s 10~ 9 

W-UzmtD-f&o —-ft. dnaQ+^l* dnaQ49 &a>aa£ft&KAi::£ U DNA >K 
20 'J ^ =7— -trfflCD e+i-^ZL^i-v h^IE^lc^-ofc^Tfe-So dnaQ+ttl* dnaQ49 

^CDlf^Mi LtfflW: («T. dnaQ+^^if^M<kl5i£-r^Ci:*<fe5) o 

&a&M*R#6LTl*«i:l* dnaQ49 tfcfc & T>*Ir£M£fI* ©SS©7 > tf 
i>'J >**t;3|E35J«ifel=««L. 24°C-C2 BPb^JS^LTzi P- — «fi££l±* dnaQ49 
t*fc«fctffr£**<7)7>t?-> U >aK-£J£tt»*<*EJiLrt:o Ampicillin Sodium Salt 
25 (SIGMA, A-9518) L X <b L . iSMlcMfc^SRiSglCS § * 9 

fla^lfco £7-. aa-^»ffl«<Ofl5«l=l*lS«ja«) 550nm ic^lt^qa^giil^lCcfc 
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Sfcl^ dnaQ49 t*fc<fc tfI?±St£* 5 ml CD L-broth igifelr 2,000 jl/ml CD 

fcjCD^MH^ST? fc •£> 1 -Methyl-3-nitro-1-nitrosoguanidine (MNNG ; Aldrich 12, 
5 994-1) $ O ~60M9/ml iSiteCD;1^T'tSifefc»Dx.fco 

24 B#P B 1ig§^(cli5iLT#t-a$[slllXL. >fcf*> M >SS©J«tt"<? 24°C 

T>48B«MttflL. a o --»*ai= J: « *fi Lfc. 

mzmit. 37°C-Q 24 B#|HJSfc*£l*fc dnaQ49 *. B±UtSizV MNNG ff£SCD 
7>bT?/'J>BE»tt*jSrT>eS/y>»BE-&»*«^**. dnaQ49 l*fl)7>t' 
10 >ffimg*;MI* 30M9/ml T'fcy. »£S teJ: tf MNNG if ±12 (3-6 ^g/ml) 

iCjt^^micSl^t JtXStsSSftf-o <t fc\ 60 M l/mg jgjg© MNNG #ST"ei§«L 
fc!f4a(*±<i«5iL«C*^fcC:t^b» MSECD MNNG (*i#l=^*<C Ifi^C 
*,3Sm££C£-t±. -tCDSS^i LTM3SLfc^CD-efe^i:#xe>tt^o 

_tE 24 0 CCDig#ICfcUNT±WLfcg*3lJgCD7>tfi>'J > l£ *f igife CD n 
15 n --£ffllv *2(3ia>&«lMi»A*lTort:. dnaQ49 fcl* 30*/ g/ml 

tOT > fcf -> 'J l^^^iaifeT?. MNNG 10jug/ml JQHISMiT > tf v M >6 //g/ml 
ife-e. ^-CDteCD MNNG iliPli3 // g/ml 7 > fc? 'J :y£**g*6-l?-*Jh.-£*l 24^CT*i£ 
gU t§5iLfcS£;5fc;$&* 2000 ©/ml (D^gCciSM L. 37°CT? 24 Kfflt&S Lfco 
&L*T?* Lfct, fI/7CDT>t°i>'J >;1lgCDiSifelCtlflL, 24°C-e 2 - 3 

20 aP^tS^L, 3Pi-^MJt. &XM»(D«fe»**aj£L*:. fcfc. MNNG ffi 
a»ttS!E012 4: WflKDM© MNNG ^ffilUfc. 

m3Hll*. 2ls3icDE£m^A^^Tot- dnaQ49 f?±SJfc«fctf£- MNNG 50:31* 
CDT>fi> 'J >®Stt^^-rT>f«>'J >«K-±»tt«T?fcS. dnaQ49 &(D7> 
e->'J >Wtt»*»K«* 300 |i g/ml TffciK * MNNG fr±S» (6-30// 

25 g/ml) IC]±-<^1;[CA^C <tA<5tiS $H/- 0 fcfc\ *3 ISlClS**** LT^fcl* MNNG 

«T, [5imCD^#^^ 1 -JiSL, 5@B£-eSfc*i*A£*Tofc. 24°CT?CDltmiCfc 
lH7>fy'J>;lg (ffiroa n — — ff£ fifcB^ (c £> -£> 7 > tf -> 'J >W14**;KK) 



WO 00/28015 



PCT/JP99/06294 



1 1 



^-ft^ftfi? 3 ~ 5 © i OtM A&CD7 > tf 'J l/«JK-^«fl»T?fc «. 

Z;hbCO^mfr£BJi»bfr<£<fc-5(C, 5|s]g£-e(DMS3e$&JIICj:oT» 3) 6,000 
Atg/ml <757> tfi/'J >??2ET-e ; tli5i^'S> dnaQ49 *b*lfc 0 Sfc. I^^CD^ 

5 S'lCD dnaQ49 J*T*Xt6 Lfci Z. 5 \S CD $SgJS«61l= <fc o X & 

10,000^ g/ml ^TfOT^tfS/'j >WttBt**<»5»*lfc (HI 7) „ CCDJ:^ 
!lfl;cDi§fI-e*&S8Lfc dnaQ49 #U*«fro7c 0 ;©l^i:li^7^S K(i??3-fci- 

10 S 1 





1 (elS 




3[5Jl 


i 


4 urn 


5Ei 


Wft (MNNG ;sS) 


amp 




amp 




amp 




amp 


amp 








iHS 


B& 




a» 


Btt 




d n a Q 4 9 


30 


8 


300 


6 


1000 


5 


3000 16 


6000 


IF^fi CO 


3 


8 


10 


6 


10 


5 


10 16 


60 


»£M (D 


3 


8 


10 


6 


10 


5 


10 16 


60 


SF£M (3) 


3 


8 


30 


6 


100 


5 


300 16 


&3fi 


(6) 


3 


8 


6 


6 


10 


5 


10 16 


30 


9f£fi do) 


6 


8 














IfSfeS (30) 


3 


8 














(60) 


*6J£ 

















20 ccDT>t°-> u >istti dnaQ49 mzts-r z>m* <DtK£.®m<DM.'i^mm± 

mm (MIC) ^Sl^t- tZL%, 7>ev'J >£P]f$CDjS 5 A^fit± ! 8llg-e&6 

t7t^ + ->Al:JtLtt 3i l^Wtt* ^ Lfc fr\ 7 > t? -> 'J > «b l*f^ffl«ff 0>»<P 

$*trt^*7>tTi' , J >Wt£*«IS©Bttt»Rli 1.500 * g/ml -CfcStf. C(D»teflg 

ff o i§ ^ I = It . 1 0 [3 CD it V 4. 7 > f v ' J > flit ti B £ i# 3 C 1 1 * t±3 3fc £ fro fc . 
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(i 30OAig/ml coifitte® L2M#»b*L£:fro*: 0 

3i2 

dnaQ. Wild-type X— /t-7 >^WttdnaQ 



Ampicillin 


2 


1 


2048 


Cefotaxime 


0.0313 


0.01 56 


64 


Chloramphenicol 


1 


0.5 


0.5 


Tetracyclin 


0.25 


0.25 


0.25 


Rifampicin 


8 


4 


2 


Streptomycin 


1 


1 


0.5 


Nalidixic acid 


1 


2 


0.5 


Ofloxacin 


0.01 56 


0.0625 


0.0156 



^.-/t-XhUWttdnaQ 
Streptomycin 2048 

X-A-^-UiiSttdnaQ 
Nalidixic acid 2048 

X-A-^-7 0Wt4dnaQ 
Ofloxacin 1024 

X h 5/><D#<rl=*fr*l8fflWttB*^aiUfc- *<D*S*. S3 -5 1:: 

^Lfctfcy, 500m g/ml *-C<D^"7D4r-tf-i/>iSt1±®, 7,000m g/ml (Di-'J'J^M 
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R±&^£;h,#:fr o/= 0 CCDZ<tli* dnaCTtfcCD ampC iie^lcIS, ^^"Sk 
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S^tCJ;^ IiSlW14<D* *nXA<D«H. Sr&fcffltttgWfe^aW-'P-tcDftR; 
H £fl CD ffl ^ CD flj ffl •*> ** > it £ ^ CD JE R £ & ^ JB t£ S CD if *0 CD > * =. X A CO 8? «f 
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Sequence Listing 

<110> Japan Science and Technology Corporation 

<120> 3if£mm : m5£Ji : ,£ 

5 <130> 99-F-056PCT 
<140> 
<141> 

<150> JP No. 10-321143 
<151> 1998-11-11 
10 <160> 5 
<210> 1 
<211>59 
<212> DNA 

<213> Artificial sequence 
15 <220> 

<223> Synthesized oligonucleotide 
<400> 1 

aagcggggta attgtgcgat gcacaatatcgttgatttgt tgaggggcac ccccccccc 59 
<210> 2 
20 <211>57 
<212> DNA 

<213> Artificial sequence 
<220> 

<223> Synthesized oligonucleotide 
25 <400> 2 

ttgtgcatcg cacaattacc ccgcttatag agcaacaaaa gatcccgccc ccccccc 57 
<210> 3 
<211> 30 
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<212> DNA 

<213> Artificial sequence 
<220> 

<223> Synthesized oligonucleotide 
5 <400> 3 

gattaggatc cactaatatc gggggggggg 30 
<210>4 
<211>21 
<212> DNA 
10 <213> Artificial sequence 
<220> 

<223> Synthesized oligonucleotide 
<400> 4 

ggatcttttg ttgctctata a 21 
15 <210> 5 
<211> 21 
<212> DNA 

<213> Artificial sequence 
<220> 

20 <223> Synthesized oligonucleotide 
<400> 5 

tgcccctcaa caaatcaacg a 22 
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